ABSTRACT. Cyclic conjugation (assessed by its energy effect) is studied in benzo-and naphthaleno-annelated ovalenes, in which annelation is in positions d and o. These benzenoid species possess a large number of Clar aromatic sextet formulas, making the application of Clar theory difficult and ambiguous. Some predictions based on Clar formulas are not in agreement with the calculated energy effects. This indicates that Clar theory is not universally applicable, even in the case of fully conjugated benzenoid molecules.
Introduction
Benzenoid hydrocarbons form a class of conjugated π-electron systems whose theory is elaborated in due detail [1] [2] [3] [4] [5] [6] [7] . Cyclic conjugation in benzenoid hydrocarbons was especially much studied, see the papers [8] [9] [10] [11] [12] [13] [14] and the references cited therein. Erich Clar's "aromatic sextet theory" [1, 3] provides the simplest and most direct way by which one can get an insight into the dominant modes of cyclic conjugation of a benzenoid molecule. In Clar theory, so-called "Clar formulas" are constructed by placing "aromatic sextets" into some rings of a benzenoid molecule, obeying certain formal rules [3, 15] (cf. Figs. 1-3 ). Rings in which "aromatic sextets" are located are predicted to have a high intensity of cyclic conjugation. The original version of Clar's method is qualitative and has no direct foundation in quantum theory. Eventually, much effort has been done to provide a quantitative and theoretically founded re-formulation of Clar's model (see the recent works [16] [17] [18] [19] [20] [21] [22] [23] [24] and the references cited therein). In our earlier studies [13, 14, [24] [25] [26] [27] , examples of benzenoid hydrocarbons were found in which the predictions of Clar theory were violated. However, the benzenoid systems in these examples contained fixed single and double carbon-carbon bonds, and thus it could be argued that Clar theory was not strictly applicable to them. We have now detected a class of fully conjugated benzenoid molecules (i.e., A quantitative measure of cyclic conjugation in π-electron systems, especially in benzenoid hydrocarbons, is achieved by the energy-effect of the respective cycles. Details of this method have been earlier described several times, e.g., in the articles [8] [9] [10] and in the review The ef-values of all six-membered rings of ovalene (1) and its annelated congeners (2-6, see Fig. 1 ) are collected in Table 1 . Table 1 -Energy effects (in β-units, β≈-137 kJ mol -1) of the rings of ovalene (1) and its annelated derivatives 2-6, see Fig. 1 . The labeling of the rings is also indicated in Fig. 1 . The energy-effects of the rings 5, 6, and 7 are omitted because, by symmetry, these are always equal to the ef-values of the rings 3, 2, and 1, respectively.
Agreements with Clar theory: Ovalene, benzo[d]ovalene, naphthaleno[d]ovalene
Ovalene has a unique Clar formula, depicted in Fig. 1 . According to it, the most intense cyclic conjugation is to be expected in the rings 2, 4, 6, and 8. Indeed, ef(2) = ef(6) = 0.0575 is somewhat greater than ef(1) = ef(3) = ef(5) = ef(7) = 0.0567, although the difference is slight. As expected, the rings 4 and 8 have the greatest, whereas the "empty" rings 9 and 10 the smallest ef- In formula 2f an aromatic sextet is located in ring 9, whereas no one of these formulas has an aromatic sextet in ring 10. This fact is in good agreement with the increased ef-value of ring 9 and decreased ef-value of ring 10, relative to ovalene (cf. Table 1 ).
Already the fact that 2 and 3 have so many different aromatic sextet formulas, implies that the application of the Clar model to these benzenoid hydrocarbons is neither simple nor unambiguous. The assumption [18, 19, 21 ] that all Clar formulas are equally important is evidently an oversimplification. For instance, according to the ef-method, cyclic conjugation in the ring A of 2 is almost five times stronger than in the ring 4. Therefore, the Clar formula 2a
provides a much poorer description of cyclic conjugation than the formulas 2b-2f. Consequently, the weight by which formula 2a is taken into consideration should be much smaller than the weight of the remaining five Clar formulas. However, no matter how we choose such a "weight", one Clar formula, namely 2f, implies an increased intensity of cyclic conjugation in the ring 9,
but not in the ring 10. In harmony with this qualitative prediction is ef(9) = 0.0345 and ef(10) = 0.0309, which should be compared with ef(9) = ef(10) = 0.0336 for ovalene (1).
An identical conclusion holds also for naphthaleno [d] ovanele (3), for which ef(9) = 0.0348 and ef(10) = 0.0308.
Disagreements with Clar theory: [d,o]-diannelated ovalenes
The ovalene derivatives annelated in both positions d and o, namely the compounds 4, 5, and 6 (cf. Fig. 1 ), possess a remarkably large number of Clar formulas: 20 for 4, 34 for 5, and 57 for 6. Lacking a procedure for ranking these formulas by relevance, it is hard to give any sound prediction (based on Clar theory) for the modes of cyclic conjugation in 4, 5, and 6. Yet, one conclusion is doubtless. All the three benzenoid systems 4, 5, and 6 have Clar formulas in which an aromatic sextet is located in the rings 9 or 10. These formulas are depicted in Fig. 3 . No matter what is the relevance of these formulas relative to other Clar formulas, they imply that the magnitude of cyclic conjugation in the rings 9 and 10 should be greater than in the respective rings of the non-annelated ovalene (1) . In all the three benzenoid systems 4, 5, and 6, the efvalues of the rings 9 and 10 are between 0.0315 and 0.0318 (see Table 1 ). On the other hand, in ovalene, ef (9) =ef (10)=0.0336, which contradicts the prediction of Clar theory. (6) . These are the Clar formulas in which an aromatic sextet is located in the rings 9 or 10, implying that the magnitude of cyclic conjugation in these rings is greater than in ovalene (1). This prediction of Clar theory is erroneous (cf. Table 1 ).
Discussion and concluding remarks
Several examples documenting disagreements between the actual π-electron structure of benzenoid hydrocarbons, and what is predicted on the basis of the Clar aromatic sextet theory, have been reported in the past [13, 14, [24] [25] [26] [27] . The cases studied in this work offer a further indication of such disagreements. Clar theory is not quantitative in nature, and therefore it is not easy to recognize it possible flaws. The study of cyclic conjugation in the central rings 9 and 10
provides an example of a qualitative disagreement: instead of an increase of the magnitude of cyclic conjugation (as forecasted by Clar theory) we encounter a decrease.
The effect observed and discussed in this note is relatively weak, around 5%. We expect that much more pronounced violations of Clar-and Kekulé-structure based theories would be found at the benzo-and naphthaleno-annelated derivatives of the higher members of the coronene/ovalene homologous series. Research along these lines is intended to be done in the future.
